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Abstract 
The forest floor invertebrate communities in four native broadleaf-podocarp forest remnants and 
four exotic Pinus radiata plantations in the lower North Island, New Zealand, were sampled by 
pitfall trapping in May and June 1993. Invertebrate abundance and species richness were higher in 
native forest than in pine forest, but evenness among species did not differ between forest types. 
Multivariate analyses grouped assemblages from the study sites into two broad groups corresponding 
to the two forest types, with the exception of one native site which consistently grouped with the 
pine sites. However, site and geographic differences also affected the composition of the litter-
dwelling invertebrate communities in particular forest patches. 
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Introduction 
Much ofNew Zealand's original forest has been 
cleared and many exotic radiata pine (Pinus 
radiata D . D o n ) p lan ta t ions have been 
established in its place. Although litter-dwelling 
invertebrates provide a large proportion of the 
native animal biomass in New Zealand broadleaf-
podocarp forests (Brockie & Moeed 1986), the 
effect that replacing native forest with exotic 
pines has on the forest floor invertebrate 
community has rarely been considered. 
Pine plantations are popularly believed to 
contain fewer invertebrate species and individuals 
than native forests. Forster (1974) stated that the 
diversity and abundance of native invertebrates 
in pine litter in New Zealand were lower than in 
* Present address: C/- Department of Conservation, RO. Box 
14, Franz Josef, NewZealand. 
Erna il: s.anderson ©paradise, net. nz 
native forest litter because the pine litter is an 
" inhosp i tab le" env i ronmen t for these 
invertebrates, although he did not elucidate 
further. Wallwork (1976, p. 208) considered 
coniferous litter to be unfavourable for many 
invertebrates, partly because of its acidity and 
partly because it offers few refuges for non-
burrowing invertebrates. These two factors, along 
with the absence of invertebrates associated with 
P. radiata from its country of origin (U.S.A.), 
are likely to contribute to lower abundance and 
diversity of invertebrates on the floors of pine 
plantations in New Zealand. 
Although Styles (1967) and McColl (1974) 
have sampled the l i t ter fauna in young 
plantations, the invertebrate communities on 
New Zealand pine forest floors are not well 
known. Similarly, the literature on litter-dwelling 
invertebrate communities in New Zealand native 
forests is limited, although McColl (1974,1975) 
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and Moeed & Meads (1985, 1986) have sampled 
the fauna on native beech (Nothofagus spp.), 
beech-podocarp, and broadleaf-podocarp forest 
floors. No published studies have compared the 
forest floor invertebrate communities in well-
established pine plantations with those in native 
forests in New Zealand. The aims of this study 
were to describe the forest floor invertebrate 
communities in native broadleaf-podocarp forest 
remnants and exotic pine plantations in the 
North Island of New Zealand, and to establish 
whether any differences in community structure 
could be attributed to forest type. 
Methods 
Study sites 
Four native broadleaf-podocarp forest remnants 
and four small P. radiata plantations were 
sampled in the lower Nor th Island of New 
Zealand. Two pairs of study sites (each pair 
comprising one native site and one pine site) were 
selected on the west side of the Tararua and 
Ruahine Ranges (Rewa and Apiti) and two on 
the east side (Alfredton and Tiraumea). Study 
site characteristics are summarised in Table 1. 
Sampling protocol 
At each study site, four plastic pitfall traps (10 
cm diameter, 10 cm depth) were buried level with 
the litter surface 5 m apart along a transect line 
in the centre of the forest patch. Each trap 
contained 150 ml of preservative (70% ethylene 
glycol) and three drops of detergent, and was 
protected by a 25 x 25 cm metal rain cover raised 
30-40 mm above the trap by two narrow legs. 
The traps were set for 28 consecutive days 
between early May and early June 1993 (late 
autumn), and emptied once midway through this 
period. The invertebrates from the collected 
samples were removed from the preservative 
using a 500 |Llm sieve and stored in 70% ethanol. 
Invertebrates were subsequently identified to 
morphospecies (recognisable taxonomic units 
based on external morphology), hereafter referred 
to as species, then counted. 
Statistical analysis 
Invertebrate diversity at each site was assessed 
using both species richness (number of species) 
and a species evenness index, the Berger-Parker 
dominance index (Magurran 1988, p. 41). The 
Table 1 Study site characteristics recorded in May and June 1993. 
Location 
Altitude 
(m a.s.l.) 
Forest area 
(ha) 
Plantation 
age (years) 
Management 
regime 
Aspect 
Rewa (1) 
Native Pine 
Apiti 
Native 
(2) 
Pine 
Alfredton (3) 
Native Pine 
39° 59' S 175° 38' E 39° 59' S 175° 52' E 40° 41 ' S 175° 51' 
160 
10 
Fenced 
Flat 
320 
20 
14 
Fenced 
N W 
500 
4 
Fenced 
N W 
560 
1.5 
20 
Stock 
access 
N W 
240 
12 
Fenced 
S 
180 
8 
22 
Fenced 
NE 
Tiraumea (4) 
Native Pine 
E 40° 38' S 176° 03' E 
220 
2 
Stock 
access 
SE 
220 
1.7 
20 
Fenced 
N W 
Slope Gentle Steep Gentle Medium Medium Medium 
steep steep 
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latter is given by N /N, where N is the 
O J max max 
number of individuals of the commonest taxon 
and N is the total number of individuals. Data 
were checked for homogeneity of variances and 
log (x+l) t r ans formed before examining 
differences between forest types and geographic 
locations using a two-way analysis of variance 
and a Tukey HSD multiple comparison test. All 
analyses were carried out using the statistical 
package SYSTAT (Wilkinson 1992). Data from 
each site (means of the four pitfall traps) were 
also examined for multivariate trends using 
cluster analysis and principal components 
analysis (Wilkinson 1992). We used Pearson 
correlation coefficients as a distance measure, the 
average linkage clustering algorithm for the 
cluster analysis, and a correlation matrix as input 
for the principal components analysis. 
Results 
Invertebrate abundance 
Overall, more invertebrates were trapped in the 
native forest sites (5760 in total) than in the pine 
forest sites (3751 in total). The number of 
invertebrates per pitfall trap varied significandy 
between forest types (F
 24 = 7.02, P = 0.014) and 
among geographic locations (F524= 5.74, P = 
0.004) (Fig. 1). However, the difference between 
forest types was not consistent at all locations, 
with significandy more invertebrates trapped at 
the Rewa native site than at any other site (F3 24 
= 14.17, P< 0.001). 
Invertebrate diversity 
Two hundred and fifty species were distinguished 
among the 9511 invertebrates collected. Ten 
species were trapped at every site, and 120 were 
recorded at only one site. One hundred and 
sixteen species were trapped only in native forest, 
45 were trapped only in pine forest, and 89 were 
common to both forest types. 
Species richness varied significantly between 
forest types (F} 24 = 39.57, P< 0.001) and among 
locations {F52A = 3.96, P= 0.02) (Fig. 2). Again 
however, the difference between forest types was 
not consistent at all locations, with species 
richness higher at the Rewa and Alfredton native 
n 
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Figure 1 Mean number (± 1 SE) of invertebrates collected per pitfall trap (n = 4) at each study site in May and 
June 1993. N = native, P = pine, 1 = Rewa, 2 = Apiti, 3 = Alfredton, 4 = Tiraumea. 
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Figure 2 Mean number (± 1 SE) of species collected per pitfall trap {n = 4) at each study site in May and June 
1993. N = native, P = pine, 1 = Rewa, 2 = Apiti, 3 = Alfredton, 4 = Tiraumea. 
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Figure 3 Mean Berger-Parker dominance index value (± 1 SE) for invertebrate samples collected per pitfall 
trap (n = 4) at each study site in May and June 1993. N = native, P = pine, 1 = Rewa, 2 = Apiti, 3 = Alfredton, 
4 = Tiraumea. 
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sites than at the other two native sites and at any 
ofthe pine sites (F52A = 3 AO, P = 0.034). 
Overall, there was no significant difference in 
species evenness between forest types (F
 24 = 
0.03, P = 0.87) or among locations (F3 24 = 1.82, 
P = 0.17) (Fig. 3). However, there was again a 
significant interaction between forest type and 
location CF324 = 10.88, P< 0.001): the Tiraumea 
native invertebrate community was more even 
than the Rewa native, Apiti native, and Tiraumea 
pine communit ies , and the Tiraumea pine 
community was less even than the Apiti and 
Alfredton pine communities. 
Community structure 
T h e relative abundance of the 32 major 
taxonomic groups is listed in Table 2 and the 10 
most abundant ground-dwelling groups are 
shown in Fig. 4. T h e collembolan family 
Poduridae was the dominant taxonomic group 
at three of the four native sites, whereas the 
collembolan family Entomobryidae was the 
dominant group at three of the four pine sites 
(Fig. 4). Community structure at the Tiraumea 
native site appeared to be more similar to that at 
the pine sites than to that at the other native 
sites, with a smaller proportion of Poduridae. 
The Apiti pine site also appeared to differ from 
the other pine sites, with a smaller proportion of 
Entomobryidae and a larger proport ion of 
Diplopoda. 
Cluster analysis using species presence/absence 
data for each site grouped the sites by both forest 
type and geographic locat ion (Fig. 5A). 
Community structure at the pine sites was more 
similar within the pine sites than to the native 
sites, although there was a clear division between 
the plantations on the east side of the central 
mountain ranges and those on the west side. The 
native sites also formed two discrete groups 
i 1 Amphipoda 
\QQQQ Diplopoda 
Y///1 Acari 
1 " 1 Araneomorphae 
l i l l i Opiliones 
I^XS Sminthuridae 
1 I Poduridae 
• • i Entomobryidae 
V7XA Rhaphidophoridae 
M l M Diptera - wingless 
Figure 4 Mean relative abundances (%) of the 10 most abundant ground-dwelling taxonomic groups col-
lected per pitfall trap (n = 4) at each study site in May and June 1993. N = native, P = pine, 1 = Rewa, 2 = Apiti, 
3 = Alfredton, 4 = Tiraumea. 
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Table 2 Mean relative abundances (%) ofthe main taxonomic groups of invertebrates collected in pitfall traps {n 
= 4) at each study site in May and June 1993. N = native, P = pine, 1 = Rewa, 2 = Apiti, 3 = Alfredton, 4 = 
Tiraumea. 
Turbellaria 
Oligochaeta 
Gastropoda 
Amphipoda 
Isopoda 
Chilopoda 
Diplopoda 
Symphyla 
Acari 
Araneae 
Araneomorphae 
Mygalomorphae 
Araneae juveniles 
Opiliones 
Pseudoscorpionida 
Collembola 
Sminthuridae 
Poduridae 
Entomobryidae 
Archaeognatha 
Orthoptera 
Rhaphidophoridae 
Anostostomatidae 
Psocoptera 
Hemiptera 
Thysanoptera 
Coleoptera 
Coleoptera adults 
Coleoptera larvae 
Diptera 
winged Diptera 
wingless Diptera 
Diptera larvae 
Lepidoptera 
moth sp. 
Lepidoptera larvae 
Hymenoptera 
Formicidae 
other Hymenoptera 
NI 
0.03 
0.07 
0.07 
1.18 
0.16 
-
1.05 
-
7.89 
1.28 
-
0.23 
0.20 
0.26 
0.52 
56.96 
8.94 
0.03 
0.49 
-
0.23 
0.07 
0.03 
6.25 
1.11 
6.15 
3.86 
1.41 
0.16 
0.36 
0.23 
0.79 
N2 
_ 
0.69 
0.41 
3.99 
0.55 
-
3.85 
-
13.62 
1.65 
-
1.10 
1.10 
0.14 
7.84 
40.85 
3.44 
-
0.14 
-
-
0.96 
-
4.95 
0.69 
3.16 
1.79 
5.09 
-
0.28 
1.38 
2.34 
N3 
_ 
0.08 
0.33 
3.18 
0.57 
-
4.73 
-
18.09 
2.20 
0.08 
0.33 
2.69 
0.49 
0.33 
26.08 
18.99 
-
0.08 
0.08 
0.57 
1.22 
0.41 
4.56 
0.65 
6.76 
1.14 
1.47 
-
1.06 
3.18 
0.65 
N4 
_ 
0.13 
0.13 
4.93 
0.40 
-
3.86 
-
15.85 
2.00 
-
2.66 
5.46 
-
2.80 
7.46 
18.38 
-
1.60 
-
0.40 
1.33 
-
8.12 
1.47 
12.38 
4.13 
0.93 
-
0.80 
4.66 
0.13 
Pl 
_ 
0.36 
0.36 
0.90 
0.90 
0.36 
-
0.18 
19.68 
7.22 
-
0.36 
2.71 
-
0.18 
2.17 
41.16 
-
2.17 
0.18 
-
2.17 
0.72 
5.96 
0.18 
2.35 
6.50 
0.36 
-
0.54 
1.81 
0.54 
P2 
0.28 
0.28 
-
0.14 
0.42 
-
8.03 
-
15.07 
9.01 
-
1.83 
0.14 
-
7.47 
1.41 
10.00 
-
4.79 
0.14 
1.69 
0.42 
0.14 
5.63 
-
22.25 
2.82 
-
-
7.18 
-
0.85 
P3 
_ 
-
-
3.99 
1.94 
0.11 
0.11 
-
13.00 
2.28 
0.11 
0.46 
1.25 
-
0.57 
15.51 
24.74 
-
4.79 
-
-
0.46 
-
6.61 
1.14 
19.50 
2.17 
0.11 
-
0.23 
0.46 
0.46 
P4 
0.06 
-
-
-
-
0.19 
0.06 
-
5.53 
2.55 
-
0.56 
2.98 
-
5.34 
3.29 
61.55 
-
0.06 
-
0.06 
-
0.19 
2.92 
0.19 
13.11 
1.12 
-
-
-
0.12 
0.12 
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relating to geographic location. The native sites 
on the east side (Alfredton and Tiraumea) 
appeared to be more similar to all the pine sites 
than to the native sites on the west side (Rewa 
and Apiti). Cluster analysis using mean density 
estimates also discriminated broadly between 
communities in the two forest types (Fig. 5B). 
However, the Tiraumea native site clustered with 
the pine group and the Apiti pine site appeared 
A 
Alf radon Native 1 
Tiraumea Native ' 
TlraLmea Pine j 1 
Alfredton Pine — ' 
Rewa Pine 1 
Apiti Pine ' 
Rewa Native 1 
Apiti Native ' 
0.5 1.0 
Distance 
B 
ApitiNative —j 
Rewa Native —' 
Alfredton Native ' 
Alfredton Rne j I 
Tiraimea Native U 
Rewa Rne — i 
Tiraimea Rne — ' 
Apiti Rne ' 
O.O 1.0 
Distance 
Figure 5 Dendrogram from a cluster analysis using 
(A) presence/absence data and (B) mean densities of 
invertebrate communi t ies col lected per pitfall trap (n 
- 4) at each study site in May and June 1993. 
distinct from all the other sites. 
Axis 2 of a principal components analysis 
using the species presence/absence data clearly 
divided the sites by forest type (Fig. 6A). Axis 1 
explained 3 3 . 1 % of the variance and axis 2 
explained 14.7%. Axis 2 of an analysis using 
the mean density estimates also divided the sites 
by forest type except that, as in the cluster 
analysis, the Tiraumea native site grouped with 
the pine sites (Fig. 6B) and the Apiti pine site 
appeared different from the other pine sites. Axis 
1 explained 62.0% of the variance and axis 2 
explained 22.9%. 
Discussion 
Although the lack of seasonal sampling in this 
study limits the conclusions that can be drawn, 
the results do seem to confirm the prediction 
that there are a greater number and diversity of 
invertebrate taxa active on the floor of native 
forests compared wi th the floor of p ine 
plantations. However, Forster's (1974) suggestion 
that the pine forest floor is an unsuitable 
environment for "the great majority" of native 
forest floor invertebrates was not borne out, with 
more than one third of the species identified in 
this study present in both forest types. 
The differences in community composition 
between the Tiraumea native site and the other 
native sites, and between the Alfredton pine site 
and the other pine sites, may reflect a rather 
atypical forest floor structure at these two sites. 
Regular disturbance from grazing of domestic 
stock at the Tiraumea native site has led to a 
reduced vegetation understorey and ground 
cover, although there is a shallow litter layer. This 
contrasts with the other native sites which, 
protected from stock (at least in recent times), 
have been able to maintain a thick and diverse 
understorey. The lack of ground cover at the 
Tiraumea site would have reduced the diversity 
of microhabitats and refuges available for forest 
floor inver tebra tes , in tu rn al ter ing the 
community composition (Munro 1995). At the 
40 NewZealand Natural Sc/ences 25 (2000) 
0.20 
Axis 1 
Figure 6 Axes 1 and 2 of a principal components analysis using (A) presence/absence data and (B) mean 
densities of invertebrate communities collected per pitfall trap (n = 4) at each study site in May and June 1993. 
N = native, P = pine, 1 = Rewa, 2 = Apiti, 3 = Alfredton, 4 = Tiraumea. 
Alfredton pine site, the routinely thinned trees 
had been left lying in the plantation, in contrast 
to the other pine sites where most ofthe thinned 
trees had been removed. G r o u n d ferns 
{Asplenium spp.) were also present, although 
scattered, whereas the other plantations lacked 
ground vegetation. The more complex forest 
floor structure at this site could have increased 
the diversity of microhabitats and niches available 
for ground invertebrates, resulting in a more 
diverse invertebrate community (Southwood et 
al. 1979, Butterfield & Benitez Malvido 1992). 
Furthermore, the apparent difference between 
Apiti pine and the other pine sites may also be 
related to forest floor structure. Apiti was the 
only pine site that was not fenced, and it lacked 
even the sparse cover contributed by fallen 
branches. Plantat ion age might also be an 
i m p o r t a n t factor affecting c o m m u n i t y 
differences, however, as the Apiti plantation was 
several years younger than the other pine sites. 
McColl (1974) attributed the low numbers 
of invertebrate species and individuals in a 4-
year-old pine plantation to the site having been 
burned prior to planting. However, none of the 
sites sampled in the present study had been 
burned. The plantations were all established on 
land which had originally borne native forest, 
was then cleared for introduced pasture and 
subsequent ly p lan ted in P radiata. The 
invertebrate communities present in these sites 
have therefore been able to establish over a period 
of 14-22 years, on land that had not supported 
native forest for some time. 
The l imitat ions of pitfall t rapping as a 
sampling method are well known - catches are 
influenced by density, activity, and trappability 
of each species, as well as environmental factors 
such as vegetation density (Greenslade 1964). 
However, pitfall trapping remains the most 
practicable method for sampling forest floor 
invertebrate communities simultaneously at 
multiple sites. Pitfall catches were lower in the 
sites with less structurally-diverse forest floors, 
indicating trap efficiency was not impeded by 
ground cover structure or vegetation density. The 
large proportion of species (almost 50%) that 
were trapped at only one site may reflect the small 
number of traps used at each site. 
In conclusion, this s tudy supports the 
SJ. ANDERSON & R.G. DEATH: Forest floor invertebrate communities 41 
generally held belief that a greater diversity and 
abundance of invertebrates inhabits the leaf litter 
of native forest than of pine planta t ions . 
Communities in the former were dominated by 
Podur idae and those in the lat ter by 
Entomobryidae. However, despite this, there 
were also specific site and geographic differences 
in diversity, abundance, and overall community 
structure. Management strategies in specific 
patches of forest, such as tree thinning, may also 
have affected habitat structure and in turn the 
type of invertebrate community on the forest 
floor. 
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